Isolation of fungus
The fungal organism present in the soil sample was isolated by serial dilution and agar plating and by inhibiting the growth of bacterial cells by adding 10% tartaric acid to PDA medium (Apinis, 1963) . Molds and yeasts were identified and moulds were isolated from the PDA plate. The fungal isolate was then subcultured to a new PDA plate and incubated at 27ºC for 24-48h. After 48 h of incubation the fungal isolates were stored in refrigerator.
Microscopic examination
The isolated fungal strain was observed under microscope at 40X magnification after staining with lactophenol cotton blue (LPCB).
Evaluation of lipase production
Confirmation of lipase production by the isolated fungal strain was done using two methods, by inoculating the microorganism in Tween 80 agar plate containing phenol red indicator and in Tributyrin agar plates (Aoyama, 1988) .
Identification of the fungal strain

Morphological characteristics by scanning electron microscope (SEM)
Scanning electron microscopic (SEM) image of the isolated fungus was obtained at different magnification to study the morphological characteristics. Fresh culture was taken in an Eppendorf tube. PBS buffer (500µl) was added to the culture. The Eppendorf tube was centrifuged at 8000rpm for 15min. This step was repeated three times. Small amount of the pellet was transferred to a new Eppendorf tube. One (1) ml of 2.5% glutaraldehyde was added to the pellet and mixed. It was then incubated overnight at 4ºC. PBS buffer (500µl) was added to the culture and centrifuged at 8000rpm for 15min. The supernatant was discarded. The pellet was washed with 1ml of 35%, 50%, 75%, 90%, 95%, 100% ethanol by centrifuging the sample at 3000rpm for 10min. After the last wash with 100% ethanol, 20µl of the sample was placed in a cover slip and allowed to dry for the removal of ethanol. After dehydration, the specimens were mounted on the aluminium specimen holder by double-sided tape. The samples were coated with platinum and examined under the microscope at an accelerating voltage of 15 kV at different magnifications.
Phylogenetic characterization
Genomic DNA was extracted with the established CTAB method (Wu et al., 2001) . After isolation of DNA, quantification and analysis of quality of DNA sample using NanoDrop spectrophotometer (NanoDrop 2000, Thermo Fisher, Wilmimgton, USA) was carried out. The ratio of the absorbance at 260 and 280 nm (A260/280) was used to assess the purity of nucleic acids. For pure DNA, A260/280 is ~1.8 (Glasel, 1995). The 18SrDNA was amplified by PCR using primer ITS1-F (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4-R (5'-TCCTCCGCTTATTGATATGC-3'). Reaction mixture of 25 µl was composed of 2.5 µl 10x PCR buffer, 0.5 µl of 10 mMdNTP mix, 1.2 µl 25 mM MgCl2, 0.8 µl Taq DNA Polymerase, 1.2 µl Glycerol, 0.5 µl of Forward and Reverse Primers, 4.0 µl of DNA Template and PCR water. The PCR cycle parameters included initial denaturation at 94°C for 5 min, followed by 40 cycles of denaturation (94°C, 30 s), annealing (56.5 °C, 30 s), extension (72°C, 30 s), and final extension at 72°C for 7 min (Veriti® Thermal Cycler, Applied Biosystems, Foster City, USA).The amplified product was electrophoresed on 2% agarose gel along with DNA molecular weight marker (Quick-load TM 100bp DNA ladder; Invitrogen, North America). Gel was stained with ethidium bromide and visualized over Gel Documentation System. Sequencing of the purified DNA obtained from ITS-PCR was performed in Sequencer (Genetic Analyzer, Applied Biosystems) by Sanger sequencing method (Sanger and Coulson, 1975) . The nucleotide sequences were subjected to BLAST analysis on (http://www.ncbi.nih.gov/ index.html). Phylogenetic trees were constructed and the fungal strain was identified. The sequences were submitted to Gene Bank at NCBI database and accession numbers were obtained.
Lipase production
The identified fungal cultures maintained in PDA plates were grown in inoculation medium containing glucose (10g/l), peptone (20g/l), sodium chloride (5g/l) and yeast extract (5g/l) at pH 6.0. Cultures (72 h old) were prepared as spore suspension by adding 5ml sterile water. This 5ml of spore suspension was added with 45 ml of inoculum medium in 100 ml Erlenmeyer flasks. The total contents were incubated in rotary shaker at 30ºC for 48 h. The prepared inoculum (10%) were transferred to production medium which consists of inoculation medium supplemented with salt solution containing ammonium sulphite (5 g/l), sodium hydrogen phosphate (6 g/l), potassium hydrogen phosphate (2 g/l), magnesium sulphate (3 g/l) and calcium chloride (3 g/l) (Sundar and Kumaresapillai, 2013). The carbon source glucose in the production medium was substituted by different concentrations of mustard oil as per design. The production medium was then incubated for different time and temperature as per experimental design for lipase production.
Determination of lipase activity
Lipase activity assay was done as per standard method by titrimetric using olive oil as a substrate (Jensen, 1983) . Lipase activity was determined by incubating a reaction mixture containing 5ml of olive oil emulsion, 2ml of 0.1 M phosphate buffer, pH 7.0 and 1.0 ml of the culture filtrate (lipase crude extract) at 37°C for 30 min, with shaking of 130 rpm. After incubation, the reaction was stopped by the addition of 15ml of acetone-ethanol (1:1) and the liberated free fatty acids were titrated with 0.05N NaOH in the presence of phenolphthalein as indicator. One unit of lipase activity was calculated as the amount of enzyme liberating one micro mole of fatty acid per minute under standard assay conditions. Lipase activity (U/ml/min) = × × × 1000
Determination of Biomass
For biomass determination, the culture supernatant was separated from the mycelium by filtration through an already weighed Whatmann filter paper (Sharma et al., 2001) . The biomass was washed many times with distilled water and then dried at 80°C, for around 18-24 hours, and was weighed until constant weight was obtained.
Experimental design for optimization of culture conditions
A Box-Behnken Design (BBD) with three numerical factors was employed to design the experiments. The numerical factors were substrate i.e. mustard oil concentration (C), temperature of incubation (T) and incubation time (t). Mustard oil was selected as a substrate as it is abundantly produced and consumed in the North-East region of India and may be useful for development interesterified products which might be useful for the people of this region. The substrate concentration was varied from 1 to5 %, incubation time was varied from 120 to 216 h and temperature was varied from 25 to 35 °C. A total of 17 experiments were performed (Table 1) . Five experiments at the centre points of the design were performed to allow the estimation of pure error. All experiments were carried out in a randomized order to minimize the effect of external factors.
Response surfaces were generated to study the effect of interactions of various culture conditions on lipase activity and biomass production.
Data analysis and optimization
Design Expert version 8 was used for analysis of data for the responses and optimization. Experimental data were fitted to a second order polynomial model as follows:
Where Y represents the response i.e. lipase activity or biomass, βo, is the constant, βi, βii and βij are the regression coefficients and Xi and Xj are the independent variables in coded values. Significant terms in the model were found by analysis of variance (ANOVA). Model adequacy was checked by lack of fit test, R 2 , predicted R 2 , adequacy precision and predicted residual sum of squares (PRESS). A non-significant (p> 0.05) lack of fit, predicted R 2 comparable to fitted R 2 , low PRESS and adequacy precision higher than 4, shows that the model fitted is adequate to predicting (Corzo et al.
2008; Mohapatra and Bal, 2010).
The optimization of the lipase production was done using desirability function.
RESULTS AND DISCUSSION
Microscopic Observation and confirmation of lipase production by the isolated fungus
The isolated and sub-cultured fungus formed brown-black coloured colony and back spores were observed in the PDA plate. Lactophenol cotton blue slide mounts of the isolated fungus was observed under phase contrast microscope. It is the most widely used method of staining and observing fungi. Hyphae and spores were clearly visible under the microscope (Figure 1 ). Conidiophores were seen which could mean that the isolated fungus might be ascomycetes.
Figure 1 Microscopic view of the isolated fungus at 40X magnification
The isolated fungal strain was cultured in Tween80 agar plate containing phenol red indicator as well as in tributyrin agar plate to see whether the strain produces lipase or not. Both the tests gave positive results for lipase production. A change in colouration from pink to yellow was observed in Tween80 agar plate whereas a clear zone of hydrolysis was seen in tributyrin agar plate confirming the production of lipase by the isolated fungal strain.
Identification of the isolated fungus
The SEM images of the hyphae along with the spores of the isolated fungal strain are shown in Figure 2 . Observations of SEM images of the isolated fungi reveal swollen vesicle and ellipsoidal to subglobose or globose conidia which were found to resemble Aspergillus japonica as observed by Al-Musallam (1980). Genomic DNA of the fungus was successfully isolated by the CTAB method. The isolation of the genomic DNA was confirmed by DNA quantification using NanoDrop. Quantification of the DNA was done to quantify and analyse the quality of DNA to ascertain the approximate quantity of DNA obtained and the suitability of DNA sample for further analysis. The ratio of the absorbance at 260 and 280 nm (A260/280) is used to assess the purity of nucleic acids. For pure DNA, A260/280 is approximately 1.8 (Glasel, 1995) . From DNA quantification the pure DNA samples were selected. The rest of the samples were found to be contaminated with other molecules (i.e. proteins, organic compounds, other). Genomic DNA was successfully amplified by PCR using the ITS primer pair. PCR products generated from soil samples using the ITS primer pair were run on a 2% agarose gel. The size of the target amplicon of isolated fungus corresponds to 600bp as represented by the 100bp DNA ladder molecular size marker (Invitrogen, North America) (Figure 3) .The species identity of the fungus was determined based on the alignment of their sequenced ITS regions with published sequences in the NCBI (National Center for Biotechnology Information) database. After sequencing, similarity search for the sequence data obtained was performed using BLAST (Basic Local Alignment Tool). BLAST result revealed the species identity of the unknown fungus to be Aspergillus aculeatus. The BLAST search for homologues for the fungus isolated in the study yielded results that had an identity of 97% and query coverage of 92%. As inferred from the phylogenetic trees, the query fungus was very closely related to different Aspergillu saculeatus strains. Both the trees, Max likelihood (Figure 4a) ) and Max parsimony (Figure 4b) ) had a bootstrap value of 100% which indicates to the high reproducibility of the tree. The tree can hence be considered consistent over 100 iterations. Hence it can be concluded that the isolated fungi is a strain of Aspergillus aculeatus.On the basis of sequencing report obtained, the isolated fungus was characterized as Aspergillus aculeatus and was designated as strain MRNS_TU (gb KR758756). The maximum likelihood (a) and maximum parsimony (b) phylogenetic trees were constructed and bootstrapped (100 iterations) using robust phylogenetic analysis to represent the relationship between the isolated fungus and respective species of the genus Aspergillusand related genera. Bootstrap value is noted on the branch and the scale bar represents nucleotide substitution per 100 nucleotide.
Effect of culture conditions of Aspergillus aculeatus on the lipase activity and cell biomass
The values of lipase activity and cell biomass for different experimental conditions are presented in Table 1 . Second order polynomial equations were obtained for lipase activity and cell biomass by multilinear regression analysis of the experimental data. To determine the significant effects of the process variables on responses, analysis of variance (ANOVA) was performed. Regression coefficients of the different terms in the equations for lipase activity and cell biomass in coded factors were obtained (Table 2) . Model adequacy was checked by lack of fit test and by considering fitted R 2 , predicted R 2 , PRESS and adequacy precision. Coefficient of determination, R 2 , is defined as the ratio of the explained variation to the total variation and is a measure of the degree of fit (Haber and Runyon, 1977) . It is also the proportion of the variability in the response variables, which is accounted for by the regression analysis (Mclaren et  al., 1977) . When R 2 approaches unity, the better the empirical model fits the actual data. Smaller values of R 2 show less relevance of the dependent variables in the model and could not explain the variation. Further, a non-significant (p> 0.05) lack of fit, predicted R 2 comparable to fitted R 2 , low PRESS and adequacy precision higher than 4, implies that the model fitted is adequate to predicting (Corzo et al., 2008) . It can be observed from Table 2 that the probability (p) values of all the main factors, quadratic term for temperature (T 2 ) and interaction of time and temperature i.e. T×t for the lipase activity were significant at p<0.05 and the model has non -significant lack of fit (p>0.05), which is good, and also the adequacy precision for the model was more than 4. The R 2 value of the model was 0.99, whereas the adjusted R 2 (0.98) and predicted R 2 (0.96) were comparable indicating that the model fitted provided appropriate approximation of the true process.
Similarly, for the model of biomass production it was observed that the probability (p) values of incubation time and incubation temperature among the main factors, quadratic term for incubation time (t 2 ) and temperature (T 2 ) and interaction of time and temperature i.e. T×t for the lipase activity were significant at p<0.05 and the model has non -significant lack of fit (p>0.05). The adequacy precision for the biomass model was more than 4. Response surface plots were generated to study the effect of various parameters on the lipase activity and biomass production during fermentation. The effect of interaction of various factors on lipase activity is shown in Figure 5 . Figure 5 a) shows the variation in lipase activity with time and temperature during fermentation. Variation in lipase activity could not be observed with time at lower temperature. But, as the temperature increased, slight variation in the lipase activity was seen with variation in time. The lipase activity was found to increase with increase in temperature. Initially the change was slower at lower temperatures, but as the temperature was increased the lipase activity increased at a faster rate. The increase in lipase activity at higher temperature could be due to the fact that at low temperature the growth of the microorganism was slower compared to that at higher temperature, thereby producing less lipase and when the temperature increased the microorganism could grow at a faster rate and produced more lipase. Another reason could be that the optimum temperature for growth of the fungus and lipase production might be near 35 °C. (1998) also reported a decrease in lipase activity with increased concentration of substrate during fermentation using Penicillium aurantiogriseum and Aspergillus niger respectively. The decrease in activity of lipase with increase in mustard oil concentration could be attributed to substrate inhibition at high concentration of substrate. When the time of incubation was more the effect of substrate concentration was less which can be explained by the fact that with time the microorganism might have developed some mechanism to overcome the inhibition caused by high substrate concentration. From Figure 5 c) it can be observed that lipase activity increases with increase in temperature and was not much affected by change in concentration of the substrate, although slight decrease in activity was observed with increase in concentration. The reason for such behaviour could be attributed to substrate inhibition at higher concentration and optimum temperature being near 35 °C, as discussed earlier. Figure 6 shows the effect of different culture conditions investigated on the variation in biomass of A. aculeatus during lipase production. The effect of interaction of time and temperature on growth of A. aculeatus is shown in Figure  6 a) . It was observed that when time of incubation was less biomass increased with increase in temperature. The rate of increase in biomass was initially more, and became almost constant with further increase in temperature. A similar pattern was observed with time of incubation as well. At low incubation temperature the rate of increase of biomass was more as compared to when the temperature of incubation was high. When the temperature or the time of incubation were high, it was found that initially the biomass increased with increase in incubation temperature and time up to a certain point, and then it started decreasing with further increase in incubation temperature and time. 600bp 1 2 3 4 5 6 7 8 M 9 10 11 also observed a decrease in biomass during production of lipase by Penicillium simplicissimum. From these observations it can be inferred that the temperature and time of incubation for achieving maximum biomass was close to but less than 35°C and 216 h respectively. The effect of interaction of concentration and time is depicted in Figure 6 b) . The biomass was found to increase with increase in time of incubation. The rate of increase was more when time of incubation was less and gradually slowed as the time was increased beyond a certain point, i.e. after a certain time the biomass did not increase and remained almost constant. The variation in biomass with time was observed to be more when the concentration of mustard oil i.e. substrate source was less as compared to when the substrate concentration was more. Higher variation in biomass with time at lower concentration of substrate could be attributed to the fact that when the substrate concentration was low, the broth was dilute and the microorganism could not get sufficient time to reach the substrate at lower incubation time. But when the substrate concentration was high it became easily accessible to the microorganism for growth and higher biomass was achieved even at lesser incubation time. The biomass production was found to increase with increase in concentration of substrate when the time of incubation was less i.e. 120 h, but as the time of incubation was more, a decrease in biomass production was noticed with increase in concentration of substrate. A decrease in biomass production with substrate concentration at higher incubation time might be due to the death of microorganisms at high substrate concentration. When the time of incubation was sufficiently high, substrate inhibition may cause death of the microorganism, thereby reducing the biomass. From Figure 6 c) it can be observed that biomass increased with increase in temperature till 32°C and then decreased with further increase in temperature for all values of substrate concentration. It was also noticed that biomass production decreased with increase in concentration of substrate at lower temperatures and increase with increase in substrate concentration at higher temperature. This type of behaviour shows that low temperature i.e. 25°C and high concentration of mustard oil is not favourable for growth of A. aculeatus. When the temperature was near 35°C, slight increase in biomass was observed with increase in substrate concentration. From this observation it can inferred that the optimum temperature for growth of A. aculeatus is near 35°C. 
Optimization of culture conditions for production of lipase and validation
Optimization of culture conditions for production of lipase was done numerically using desirability function that aimed at finding the values of process variables which would give maximum lipase activity and biomass. As the main aim of growing the microorganism was to produce lipase, therefore, lipase activity was given higher importance than biomass production while optimization. One solution with highest desirability was selected (Table 3) . The optimum culture condition with maximum lipase activity of 9.51 U/ml and biomass of 549.88 was obtained when mustard oil concentration was1%, temperature of incubation was 35 °C and incubation time was 214.74 h. For validation of optimization result experiment were conducted at the optimum culture conditions. The experimental values obtained for lipase activity and biomass were 9.33 U/ml and 496 mg. The percentage error between the actual and predicetd values for lipase activity was 1.8% and for biomass it was 9.7% which are within the acceptable range (Qi et al., 2009). 
